Because roughage in feedlot diets is one of the most expensive ingredients on an energy basis, regimens that minimize roughage usage are of interest. Crossbred steers of British breeds (n = 112, initial BW = 405 kg) were used to compare the feeding of diets containing 2% roughage from d 22 through 84 and 10% roughage from d 85 to finish (d 133; 2/10%) to the feeding of 10% roughage throughout the finishing period (10/10%); all diets were based on steam-flaked sorghum grain and contained monensin and tylosin. When the 2% roughage diet was fed, steers consumed less feed (6.8 vs 7.8 kg/d, P c .Ol), tended to gain less (1.11 vs 1.20 kg/d, P = .13), and were numerically more efficient (16.5 vs 15.5 kg of gain/lOo kg of DMI, P > .2) than steers fed the 10% roughage diet (10/10%). After the roughage content was increased from 2 to 10% on d 85 (all steers fed 10% roughage), steers fed the 2/10% regimen had greater Dh4I (8.4 vs 8.0 kg/d, P = .OS) and ADG (1.29 vs 1.09 kg, P = .06), and tended to be more efficient (15.4 vs 13.6 kg of gain/lOO kg of DMI, P = .IO) than steers fed the 10/10% regimen. Steers fed the two regimens had similar (P > .2) overall gain performance. The 2/10% regimen tended to have a greater percentage of Choice carcasses (58 vs 42%. P = .14) and numerically more liver abscesses (24 vs 15%, P > .2) than the 10/10% regimen. The 2/10% regimen reduced roughage usage 34 kg/steer and reduced feed costs about %/steer. Results indicate that cost of gain can be reduced by feeding roughage levels below typical Ievels (e.g., 2%) for at least 60 d during the middle of the feeding period.
Introduction
Roughage in feedlot diets is one of the most expensive ingredients on an energy basis and is usually included in finishing diets in minimal (8 to 10%) levels. Research to decrease the dietary roughage content to near zero generally results in reduced cattle per-formance (White and Reynolds, 1969; Vance et al., 1972; Preston and Willis, 1974 , a 6Gexperiment summary; Kreikemeier et al., 1990; Loerch, 1991) . Low roughage levels also increase the incidence of digestive upsets (Jensen et al., 1954) . Evaluation of the response to 0% roughage over time indicates that the performance of cattle fed diets w i t h no roughage is similar to that of cattle fed typical feedlot diets for the first 112 d on feed, after which performance declines (Luerch, 1991) . This suggests that increasing the roughage content during the latter part of the feeding period may overcome the decreased performance observed with low-roughage (< 5%) diets. The objective of this experiment was to compare a roughage regimen in which 2% roughage was fed from d 22 through 84 (d 0 to 
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animals (n = 518) based on health and BW uniformity. Steers were stratified by BW, divided into two BW blocks, and randomly assigned by weight to 16 pens (seven steers per pen). Treatments (roughage regimen) were assigned randomly to pens within BW blocks. Estrogen and progesterone6 were implanted on d 0 (April 27, 1990).
A 28d, step-up period (30, 20, 10 and 10, or 2% roughage equivalent; 7 d per level) was used to adapt the steers to the final diets. The roughage regimens were 1) 10% roughage equivalent fed throughout the finishing period (10/10%) and 2) 2% roughage from d 22 through 84 and 10% roughage equivalent from d 85 to finish (2/10%; d 133). Regimens were based on the roughage equivalent content of the final diets. Cottonseed hulls were defined as 100% roughage equivalent and corn silage as 70% (30% grain on a DM basis); all other ingredients provided 0% roughage equivalent.
Diets (Table 1) were balanced to meet or exceed NRC (1984) requirements. Sorghum grain on a DM basis); all ohex ingredients provided 0% roughage equivalent.
grain was steam-conditioned for 40 min at 96°C before flaking, and the moisture content of the flakes was 19 to 21%, the flake density was approximately 310 g/liter (24 pounds per bushel), and the gelatinization value (birefringence; Snyder, 1984) ranged from 55 to 60%. Sorghum grain was flaked two or three times per week, flakes were dried to approximately 83% DM and stored for up to 3 d before feeding. Cottonseed meal and urea were used to make the diets similar in the percentage of ruminal escape protein. Corn silage was included in the step-up diets until the 4th wk, when the supply was exhausted; * additional cottonseed hulls were then substituted for the corn silage. Monensin and tylosin were added to all diets (25 and 10 ppm, DM basis, respectively). Diets were weighed, mixed, and fed by pen daily; a conveyor system delivered the diets to fenceline bunks (35 cdsteer). Water was available free choice. Pens had partially slotted concrete floors and provided 2.25 m2/steer. Body weights (without removal of feed or water) were recorded on d 0, 28, 56, 84, 112, and 133 of the experiment. Average daily gain, DMI, gain efficiency (ADGDMI, kg of gain/ 100 kg of DMI), and carcass characteristics were the criteria for steer performance.
The steers were slaughtered at a commercial abattoir after 133 d on feed The incidence of liver abscesses and hot carcass weights were recorded at the time of slaughter. Carcass quality and yield grades were provided by USDA personnel. The effects of roughage regimen on steer performance and carcass characteristics were computed using the GLM procedure (SAS, 1985) . Roughage regimen and BW block were the independent sources of variation in the model. Pen was the experimental unit. Because BW block was not an experimental objective, it was included as a main effect but not as an interactive component.
Results and Discussion
Overall, the performance of the steers was satisfactory and no steers were treated for digestive upsets during the experiment. Dry matter intake may have been temporarily reduced when the corn silage was replaced in the diets. Shown in Table 2 are steer responses during the step-up period (d 0 to 28), the period when 2% roughage was fed to the 2/ 10% treatment (d 29 through 84), and the final period when all steers were fed 10% roughage (d 85 through 133) .
During the 0-to 28d period when diets were different only during the 4th wk, steer BARTI3 AND PRESTON aOn a per steer basis.
koughage equivalent as defmed in Table 2 . cCalculaled from values in Table 2 . Example = 6.8 kgld x 2% x 56 d = 7.6 kg. &%oughage and concentrate costs, $.11 and $.14/kg DM, respectively.
performance was not different (P > . 2) between roughage regimens. During the 29-to 84-d period when 2% roughage was fed to the 2/10% treatment, ADG tended to be greater (Table 2 , P = .13) for the 10/10% treatment (receiving 10% roughage) than for the 2/10% treatment. As expected because of the greater energy density of the 2% roughage diet, DMI was 13% less (P c .01) and gain efficiency was numerically greater (P > .2) for the 2/10% roughage regimen. The ADG advantage for the 10/10% treatment over the 2/ 10% treatment was primarily during the first 28 d of the 5 6 d period (ADG = 1.03 vs 1.23 kg [P < .OS] for 2/10% and 10/10%, respectively). Average daily gain was similar during the second 28d period of 2% roughage feeding (1.21 and 1.18 kg for 2/10% and 10/ lo%, respectively). Roughage content of the diet was increased from 2 to 10% on d 85 for the 2/10% treatment; all steers were, therefore, receiving a 10% roughage equivalent diet after this time. During the 85-to 133d period, steers on the 2/ 10% regimen consumed 5% more feed (Table  2 ; P = .08), gained 18% more weight (P = .W), and were 13% more efficient (P = .lo) than the steers continuously fed 10% roughage (10/10%). Increasing the roughage content of the 2/10% diet prevented the relative decline in DMI by steers fed 0% roughage observed by Loerch (1991) and improved DMI compared with steers fed the 10/10% regimen. The improved performance after the switch to 10% roughage equivalent allowed steers on the 2/ 10% regimen to compensate for their lower early performance and to equal the 10/10% steers in overall performance.
Over the 133-d experiment there was no difference (P > .2) in ADG between the roughage regimens (Table 2) . Dry matter intake was 5% less (P c .05) for the 2/10% roughage treatment than for the 10/10% treatment and gain efficiency tended (P = -12) to be higher (6%) for the 2/10% treatment.
Because steer ADG was similar and because no digestive upsets were observed, the comparative efficacy and costs of the 2/10% regimen would depend on the advantage in gain efficiency and the cost differences between roughage and concentrate. Calculating the ingredient usage and dietary costs after the first 28d period indicated that the 2/10% treatment reduced the quantity of roughage used by 34.2 kg (Table 3 ; 82.1 -47.9 = 34.2) during the 29-to 113-d period compared with the lO/lO% treatment. Concentrate usage was nearly identical for the two treatments; the additional roughage used by the 10/10% treatment, therefore, represented increased dietary expense (W.ll/steer) that produced no economic return. The lower roughage level was fed for 63 d or until d 84 of the feeding period. Loerch (1991) reported that performance of steers fed 0% roughage compared with that of steers fed typical feedlot diets was similar until 112 d, suggesting that feeding 2% roughage could have been continued for an additional 20 to 30 d. The longer period of reduced roughage feeding would increase the saving in cost of gain assuming the roughage level was increased before performance declined or the incidence of digestive upsets increased. Although no differences in dressing percentage or yield grade (Table 4) were noted (P > .2) between roughage regimens, steers fed the 2/10% roughage regimen tended (P = .14) to have a higher percentage of steers grading Choice than steers fed the 10/10% roughage regimen, perhaps suggesting that higher ADG during the late feeding period may have improved carcass quality. Fox et al. (1972) and Turgeon et al. (1986) , in cattle and lambs, respectively, reported that the proportion of fat gain was greater during the late compensatory period. In experiments in which the low roughage content was fed throughout the finishing period, quality grade results that contrast with this study have been reported. Kreikemeier et al. (1990) and Loerch (1991) reported no differences in marbling scores due to roughage level (including 0% roughage) in wheat-and corn-based finishing diets, respectively. Stock et al. (1990) found no relationship between roughage level and quality grade in a series of experiments involving several grains and processing methods.
The incidence of liver abscesses was somewhat lower (Table 4) than typical for feedlot experiments (25 to 28%, Brink et al., 1990) , possibly due to the inclusion of tylosin in the diets. No statistical difference (P > .2) in liver abscess incidence was noted between roughage regimens; the steers on the 2/10% roughage regimen did have numerically more liver abscesses (Table 4) (1990) reported no differences in liver abscess incidence in 0% roughage diets vs diets containing 3 to 15% roughage fed throughout the finishing period.
In conclusion, feeding a 2% roughage equivalent diet from d 22 through 84 of a 1334 feeding period decreased DMI and ADG but numerically improved gain efficiency during that period Increasing the roughage level from 2 to 10% after d 84 stimulated feed intake and steer performance. In this experiment, the higher performance of the 2/10% steers after the roughage content was increased from 2 to 10% more than compensated for their earlier lower performance. The 2/10% treatment reduced the quantity of roughage fed (34 kg/steer) and feed costs (! §4/steer) and may have improved carcass quality grade.
Implications
Results indicate that the roughage content of feedlot diets can be reduced below levels now typically used (8 to 10%) for at least 60 d during the middle of the feeding period without influencing overall steer performance. Carcass quality may be improved by this management regimen. Reducing the roughage content of feedlot diets wilI decrease feed costs and reduce cost per unit of gain when roughage costs relatively more than concentrate per unit of utilizable energy. 
